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Steroid Replacement: Recognizing Adrenal Insufficiency 
and Preventing Adrenal Crisis! 

3. Review Adrenal Testing: What is Normal Adrenal Function? 
4. Establish Steroid Safety Protocols For Everyday Steroid 

Use and Stress-Dose Steroid Treatment! 
5. What Do We Know about Covid-19 and Adrenal Disease?

"An Endocrine Perspective"



4

Preventing Adrenal Crisis: 
Steroid Safety!

Objectives:
1. Describe Adrenal Insufficiency and Adrenal Crisis 
2. Discuss Steroid Tapers: When to Consider ‘Physiologic’ 

Steroid Replacement: Recognizing Adrenal Insufficiency 
and Preventing Adrenal Crisis! 

3. Review Adrenal Testing: What is Normal Adrenal Function? 
4. Establish Steroid Safety Protocols For Everyday Steroid 

Use and Stress-Dose Steroid Treatment! 
5. What Do We Know about Covid-19 and Adrenal Disease?

"An Endocrine Perspective"

1. Describe Adrenal Insufficiency and Adrenal Crisis



Differentiating between adrenal insufficiency and adrenal 
crisis is crucial since adrenal crisis is fatal if left untreated.

Adrenal Insufficiency:  
Adrenal Crisis

• In 1855, Thomas Addison described the first case 
of adrenal insufficiency. TB was the most common 
cause (70%) during the 1930s.  

• In 1856, Armand Trousseau termed adrenal 
insufficiency as “bronze Addison’s disease” now 
known as Addison’s disease. Trousseau also 
recognized the tetany effects of hypocalcemia now known 
as ‘Trousseau’s sign’

(April 2, 1793 - 29 June 29,1860)

(October 14,1801 - June 23, 1867)

1. Describe Adrenal Insufficiency and Adrenal Crisis

Trousseau also recognized the paraneoplastic process of recurrent and migrating episodes of 
thrombophlebitis caused by adenocarcinomas, predominantly gastric, pancreatic and pulmonary, now known 
as ‘Trousseau Syndrome’, which is in fact the 2nd leading cause of death in cancer patients, after death from 
cancer itself; cancer pts having a 4- to 7-fold higher risk of DVT than pts without cancer. Trousseau in fact 
diagnosed it in himself only dying months later from gastric cancer at 66 y/o
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• With the discovery of cortisone by Hench, Kendall, and 
Reichstein in the late 1940s, the life expectancy of patients 
with adrenal insufficiency dramatically improved and initial 
data suggested that life expectancy was normalized.

The Nobel Prize was Awarded to 
Dr Edward Kendall and Dr Philip Hench in 1950

Preventing Adrenal Crisis: 
Steroid Safety!
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Lymphoma

Inflammatory lung 
diseases

Giant cell 
arteritis

Behçet’s syndrome

Crohn’s disease

Systemic lupus

PMR

Asthma

Polymyositis

Wegener’s  
granulomatosis

Immune-mediated 
neuropathy

Polychondritis

Pseudotumor 
cerebri

Disc Disease

Dermatomyositis

Ulcerative colitis
PMR = polymyalgia rheumatica; RS3PE = remitting seronegative symmetrical synovitis with pitting edema.

Grave’s Thyroid Eye Disease
Painful Thyroiditis

Adrenal 
Crisis

Steroid/Glucocorticoid Use is Common

RS3PE

Preventing Adrenal Crisis: 
Steroid Safety!

Rheumatoid  
arthritis

Hemolytic anemia
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Adrenal 
Crisis

Preventing Adrenal Crisis: 
Steroid Safety!

Steroid/Glucocorticoid Use is Common

Giant cell 
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Wegener’s  
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Rheumatoid  
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Adrenal Crisis 
is Real But Rare
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Adrenal Insufficiency:  
Adrenal Crisis

➡ Steroid use (Glucocorticoids) as little as prednisone 
3-5mg a day, when used for an ‘extended period of time’ 
and then stopped or tapered down too quickly, is most 
likely to develop Adrenal Insufficiency.

➡ ~ 1.2% prevalence of steroid use in the US 
➡ ~ 2.7% of women over 70 and 3.5% of men over 80 are 

prescribed steroid medications
➡ ~1% prevalence of chronic (> 3 months) steroid use is 

reported in Great Britain
➡ Long-term oral steroid prescriptions have increased by 

34% over the past 20 years

NHANES data from 1999-2008. 2015 https://www.ncbi.nlm.nih.gov › articles › PMC4602514 
h

Arthritis Care Res. Hoboken et al 2013 Feb;65(2):294-8.

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiIpo7E2IfzAhVBHjQIHYbbAfoQFnoECDEQAw&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC4602514%2F&usg=AOvVaw3MHHKpBjreiucBioHXZnyZ
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Adrenal Crisis or Acute Adrenal Insufficiency is 
considered an Endocrine Emergency! 

• An acute life-threatening condition with a mortality 
rate of 0.5 per 100 patients-year.  

• Precipitated by an internal or external process in the 
setting of known or unknown lack of production of 
cortisol or glucocorticoids due insufficient adrenal, 
pituitary and or hypothalamic function 

• Early identification and prompt management of 
Adrenal Crisis saves lives

Adrenal Insufficiency:  
Adrenal Crisis
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Adrenal Insufficiency:  
Adrenal Crisis Definitions

Adrenal Crisis Classification

• An acute deterioration in a patient with adrenal insufficiency 
• An acute impairment of general health requiring hospital admission and administration of IV saline and 

glucocorticoids in patients with adrenal insufficiency 
•  A medical emergency with hypotension, marked acute abdominal symptoms and marked laboratory 

abnormalities, requiring immediate treatment. 
• An acute deterioration in health that is associated with an absolute (systolic BP<100 mmHg) or relative 

(systolic BP<20 mmHg lower than the patients usual BP) hypotension, the features of which resolve 
following parental glucocorticoid administration (demonstrated by a marked resolution of hypotension 
within 1 hour and improvement of clinical symptoms over 2 hours)
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• Adrenal insufficiency after discontinuation of 
glucocorticoid occurs frequently!  

• There is no administration form, dosing, treatment 
duration, or underlying disease for which adrenal 
insufficiency can be excluded with certainty, although 
higher dose and longer use give the highest risk. 

• The threshold to test corticosteroid users for adrenal 
insufficiency should be low in clinical practice, especially 
for those patients with nonspecific symptoms after 
cessation.

Meta-Analysis included 74 articles, n=3753 participants.



Aim: To estimate % of patients with adrenal insufficiency after treatment with 
corticosteroids for various conditions in a meta-analysis. To stratify the results by route 
of administration, disease, treatment dose, and duration. 
Methods: We searched seven electronic databases (PubMed, MEDLINE, EMBASE, 
COCHRANE, CENTRAL, Web of Science, and CINAHL/Academic Search Premier) in 
February 2014 to identify potentially relevant studies. Original articles testing adult 
corticosteroid users for adrenal insufficiency were eligible. 
Results: We included 74 articles n=3753 participants. Stratified by administration form, 
% of patients with adrenal insufficiency ranged from 4.2% for nasal administration (95% 
confidence interval [CI], 0.5–28.9) to 52.2% for intra-articular administration (95% CI, 
40.5–63.6). Stratified by disease, percentages ranged from 6.8% for asthma with 
inhalation corticosteroids only (95% CI, 3.8–12.0) to 60.0% for hematological 
malignancies (95% CI, 38.0–78.6).  
Risk also varied according to dose from 2.4% (95% CI, 0.6–9.3) (low dose) to 21.5% 
(95% CI, 12.0–35.5) (high dose), and according to treatment duration from 1.4% 
(95% CI, 0.3–7.4) (<28 d) to 27.4% (95% CI, 17.7–39.8) (>1 year) in asthma patients.
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● Primary Adrenal Insufficiency or Addison’s is rare
➡ Affecting ~100 to 140 people per million in developed 

countries.1  Usually between the ages of 30 and 502 tho it can 
occur at any age, even in children

➡ More common in women than in men, likely because it is an 
auto-immune condition.3

● Central or Secondary Adrenal Insufficiency
➡ Affecting ~150 to 280 people per million2,3 with majority of 

cases due to Steroid/Glucocorticoid use
➡ ~ 20% of patients on immunomodulatory drugs or immune 

checkpoint inhibitors
➡ ~ 50% of patients post-pituitary surgery, most with complete 

HypoPituitarism
● Central Tertiary Adrenal Insufficiency

➡ Incidence unknown

How Common is Adrenal 
Insufficiency?



Adrenal hypothalamic-pituitary 
axis (HPA)

Adapted from slide compliments of Karen Miller, MD. Vance ML, NEJM, 1994 
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Vance ML, NEJM, 1994 

(ACTH)

Primary
Addison’s Disease

Adrenal Insufficiency

Adrenal hypothalamic-pituitary 
axis (HPA)
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Primary Adrenal 
Insufficiency

➡ Clinical Features
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Vance ML, NEJM, 1994 

(ACTH)

Central
Secondary

Primary
Addison’s Disease

Adrenal Insufficiency

Adrenal hypothalamic-pituitary 
axis (HPA)
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Vance ML, NEJM, 1994 

(ACTH)

Central
Secondary
Tertiary

Primary
Addison’s Disease

Adrenal Insufficiency

Adrenal hypothalamic-pituitary 
axis (HPA)
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• Due to abnormal CRH or ACTH production
• Differs from Primary Adrenal Insufficiency or 

Addison’s Disease
– Aldosterone secretion normal

• No salt craving or hyperkalemia
– ACTH not elevated

• No hyperpigmentation
• Signs and symptoms

– Weakness, Anorexia, orthostatic hypotension,, weight loss, 
myalgias, arthralgias, hyponatremia, hypoglycemia, abdominal 
pain, vomiting, diarrhea, depression, irritability, irregular menses, 
amenorrhea, and loss of libido

Central Adrenal 
Insufficiency

➡ Clinical Features
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• Central: Secondary or Tertiary

Central Adrenal 
Insufficiency: Etiologies
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• Central: Secondary or Tertiary 
➡ Post - Pituitary Surgery 
➡ Drug - Induced (Steroid/Glucocorticoid Use, Opioids, 

Immunomodulatory Drugs/Immune Checkpoint Inhibitor 
Treatments*, Medroxyprogesterone) 

• Primary 
➡ Addison’s Disease  
➡ Post - Adrenalectomy Surgery 
➡ Drug - Induced (Steroid/Glucocorticoid Use, Opioids, 

Immunomodulatory Drugs/Immune Checkpoint Inhibitor 
Treatments*, Medroxyprogesterone)

*i.e. Ipilimumab and Nivolumab 

Adrenal Insufficiency: 
Etiologies
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• Primary 
➡ Drug-Induced

➡ 

Primary Adrenal 
Insufficiency: Etiologies
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Q #1: Which Statement is True?
A. The most common cause of Central Adrenal 

Insufficiency is ‘supra-physiologic steroid or 
glucocorticoid therapy’ and a Pituitary MRI is indicated 

B. The most common cause of Central Adrenal 
Insufficiency is a pituitary or hypothalamic lesion and a 
Pituitary MRI is indicated 

C. The most common cause of Central Adrenal 
Insufficiency is Empty Sella Syndrome yet routine 
monitoring of Pituitary MRI is not indicated

D. A Pituitary MRI is indicated in all patients with the 
diagnosis of Central Adrenal Insufficiency if not 
thought to be steroid or glucocorticoid induced

Adrenal Insufficiency:  
Adrenal Crisis
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Insufficiency is a pituitary or hypothalamic lesion and a 
Pituitary MRI is indicated 
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Adrenal Insufficiency:  
Adrenal Crisis

D
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The most common cause of Central Adrenal 
Insufficiency is Steroid or Glucocorticoid Use 
‘supra-physiologic therapy’ (not a pituitary or 
hypothalamic lesion)

In the absence of a history of steroid or 
glucocorticoid use, a Pituitary MRI is indicated 
in all patients with the diagnosis of Central 
Adrenal Insufficiency

➡ 

➡

Central Adrenal 
Insufficiency: Pituitary MRI
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● Steroid-Induced Adrenal Insufficiency is Common! With 
an incidence of 15.1 per 100 patient-years!  

● In patients with Primary Adrenal Insufficiency or Addison’s, 
Adrenal Crisis occurs in 6-10 patients per 100 patient-years  

● In patients with Central or Secondary Adrenal Insufficiency (not-
Steroid-Induced) Adrenal Crisis occurs in 3-5 pts per 100 pt-yrs. 
➡ Adrenal Crisis in patients with Adrenal Insufficiency is 

higher in patients older than 60 years old, yet there is no 
difference between men and women. 

➡ Adrenal Crisis in patients with co-morbidities* is higher, 
~8% annual frequency *Type 1 and 2 diabetes, asthma, 
premature ovarian failure, gastro-enteritis and other infections, as well 
as patients with previous Adrenal Crisis (postal survey of over 1000 
patients with primary adrenal insufficiency from four countries)

How Common is Adrenal Crisis in 
Patients with Adrenal Insufficiency?
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De Vries, F et al, J Clin Endocrinol Metab 2019

Systematic Review and Meta-analysis
• 52 studies including 18,428 subjects
• Patients with chronic pain, on maintenance for addiction 

treatment, and healthy volunteers
• Hypogonadism (Low testosterone) in 63% (99.5% of studies in 

males only)
• Adrenal insufficiency 15-24% (depending on diagnostic criteria)
• Thyroid and Growth Hormone axes do not appear to be 

affected

Adapted from slide compliments of Karen Miller, MD

Central Adrenal 
Insufficiency: Opiate-Induced



30

➡  Ipilimumab (YERVOY)
• Anti-cytotoxic T-lymphocyte antigen-4 (CTLA-4) therapy FDA approved in March 2011 

for advanced melanoma in the U.S. 

Hypophysitis with PanHypo-Pituitarism or Adrenal Crisis can occur in 
~20% of cases and this is likely an underestimate!*

➡  Nivolumab (OPDIVO)

On March 10, 2020, the FDA granted accelerated approval to the combination of nivolumab plus 
ipilimumab (OPDIVO and YERVOY, Bristol-Myers Squibb Co.) for patients with hepatocellular carcinoma 
who have been previously treated with sorafenib. 

On March 27, 2020, the FDA expanded the approval of nivolumab plus ipilimumab for patients with 
metastatic or recurrent non-small cell lung cancer with limited chemotherapy as first-line treatment who 
do not have EGFR or anaplastic lymphoma kinase (ALK) genomic tumor aberrations.

*Karen Miller, MD MGH Endocrine Division

• Anti-PD-1* antibody therapy was the first Immuno-Oncology Treatment or Immune 
checkpoint blockade agent that target PD-1 to receive FDA Approval in 2016, for Head 
and Neck cancer, Hodgkin Lymphoma and in 2018 for metastatic and small cell lung 
cancer with progression after platinum-based chemo and at least one other therapy. 

Hypophysitis or Adrenal Crisis first reported in 2017

Central Adrenal Insufficiency: 
Immuno-modulatory Drugs

https://www.bing.com/search?q=Bristol-Myers+Squibb&filters=sid%3a20961c20-8b6d-e0f9-2f14-7de5201d4de1&form=ENTLNK
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• Development of hypophysitis positively predicts cancer 
patients’ survival (19.4 vs. 8.8 mos)

• Recovery of pituitary function in only 24% however! 
• Assess patients for signs and symptoms of hypophysitis, adrenal 

insufficiency, thyroid function and hyperglycemia, prior to and 
‘periodically’ during treatment 

• Initiate hormone replacement (i.e. Hydrocortisone for Adrenal 
Insufficiency)

• High-dose steroids or glucocorticoids not usually needed to treat 
hypophysitis but often used to treat autoimmune colitis

Faje, A et al, J Clin Endocrinol Metab 2014, compliments of Karen Miller, MD

Central Adrenal Insufficiency: 
Immuno-modulatory Drugs

• Usually no need to withhold Ipilimumab(Yervoy)*  
• Administer hormone replacement as clinically indicated for Grade 2 or greater hypophysitis. 
• Withhold Nivolumab OPDIVO for Grade 2 or 3 and permanently discontinue for Grade 4 hypophysitis. 
• Withhold Nivolumab OPDIVO for Grade 2 and permanently discontinue for Grade 3 or 4 adrenal insufficiency.  
• Administer hormone-replacement therapy for hypothyroidism.  
• Initiate medical management for control of hyperthyroidism.  
• Withhold Nivolumab OPDIVO for Grade 3 and permanently discontinue for Grade 4 hyperglycemia.
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Preventing Adrenal Crisis: 
Steroid Safety!

Objectives:
1. Describe Adrenal Insufficiency and Adrenal Crisis 
2. Discuss Steroid Tapers: When to Consider 

‘Physiologic’ Steroid Replacement: Recognizing 
Adrenal Insufficiency and Preventing Adrenal Crisis! 

3. Review Adrenal Testing: What is Normal Adrenal Function? 
4. Establish Steroid Safety Protocols For Everyday Steroid 

Use and Stress-Dose Steroid Treatment! 
5. What Do We Know about Covid-19 and Adrenal Disease?

"An Endocrine Perspective"
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Preventing Adrenal Crisis: 
Steroid Tapers

• Lower dose by 5 to 10 mg every one to two weeks 
from an initial dose above 40 mg of prednisone per 
day, then 

• The patient would be asked to stay on same dose 
for one to two weeks based on their response to the 
lower amount, then 

• Lower dose by 5 mg every one to two weeks at 
prednisone doses between 40 and 20 mg per day, 
then

Go as Slow as Needed 
Prednisone Steroid Taper “Percentage method”: 
Lower dosage by a decrement of 10 to 20%

Adrenal Insufficiency Coalition in partnership with Adrenal Insufficiency United compiled this guide for patients 
and physicians. Working together for better care. Published September 2016  
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Preventing Adrenal Crisis: 
Steroid Tapers

• Lower dose by 2.5 mg every two to three weeks at 
prednisone doses between 20 and 10 mg per day, then  

• Lower dose by 1 mg every two to four weeks at 
prednisone doses between 10 and 5 mg per day, then 

• Lower dose by 0.5 mg every two to four weeks at 
prednisone doses from 5 mg per day (or alternate daily 
dose such as 5 mg day one, 4 mg day two), then 

• Consider holding Prednisone dose at 2-3mg qd 
until adrenal function testing if indicated

Go as Slow as Needed 

https://aiunited.org/glucocorticoid-tapering-and-adrenal-suppression-testing-guide/

Prednisone Steroid Taper “Percentage method”: 
Lower dosage by a decrement of 10 to 20%
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Preventing Adrenal Crisis: 
Steroid Tapers

Go as Slow as Needed 
British guidelines for Prednisolone Taper: 

• Continue 40-60 mg (not < 0.75 mg/kg) for 4 weeks or 
until symptoms and laboratory abnormalities resolve, 
then 

• Reduce dose by 10 mg every 2 weeks to 20 mg, then 
• Reduce dose by 2.5 mg every 2-4 weeks to 10 mg, 

then  
• Reduce dose by 1 mg every 1-2 months, provided no 

relapse occurs (no mention of adrenal function testing)

BSR and BHPR Guidelines for the Management of Giant Cell Arteritis. Rheum 2010 Aug 49(8):1594-7
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Q #2: Approximately how much cortisol does an 
adult synthesize daily? 

A.10mg
B.15 mg
C.20 mg 
D.25 mg

Adrenal Insufficiency:  
‘Physiological’ Cortisol Levels
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Q #2: Approximately how much cortisol does an 
adult synthesize daily? 

A.10 mg
B.15 mg
C.20 mg 
D.25 mg

Adrenal Insufficiency:  
‘Physiological’ Cortisol Levels

A



Adrenal Insufficiency:  
‘Physiological’ Cortisol Levels

 Behan et al, Clin Endo, 2011

Hydrocortisone 10 mg (8 am) and 5 mg (2 pm) 
More Closely Mimics ‘Physiologic’ Secretion

Esteban NV et al, J Clin Endocrinol Metab 1991 

Steroid Diurnal Variation
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• Prednisone 2.0-5.0mg ‘medium’ 
half-life glucocorticoid:

“There is NO ‘physiologic’ dose’ of 
Prednisone like there is Hydrocortisone”

William F. Young, Jr., M.D.

Past Endocrine Society President 2012–2013 
Professor of Medicine and Chair of the Division of 
Endocrinology, Mayo Clinic, Rochester, Minnesota

Adrenal Insufficiency:  
Alternative Treatment

5 mg

20 mg

25 mg

0.75 mg

5 mg – Advantage:  Once a day. Afternoon dose 
is not necessary

– Disadvantage…Safety?
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  — Is it any less safe?
• No difference in CV risk markers: 20.5 mg HC vs. 

3.7 mg prednisolone (Smith et al., Endocr Connect, 2017)

• Higher LDL and TC, but no difference in HbA1C, 
HDL, TG, BMI or BP: 5.0 mg prednisolone vs. 21.5 
mg HC (Quinkler et al., Endocr Connect, 2017)

• Dose likely the important variable….though very 
long acting compounds (such as dexamethasone) 
may be more likely to cause iatrogenic Cushing’s, 
heart disease, bone loss, and fractures

Adrenal Insufficiency:  
Alternative Treatment

• Prednisone 2.0-5.0mg ‘medium’ 
half-life glucocorticoid:
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Adrenal Insufficiency:  
Steroid Treatment and Taper Variability

• Possible Causes of Significant Individual 
Glucocorticoid Replacement Range 
Requirements and Steroid Taper Variability:

– Degree of Glucocorticoid Deficiency
– Endogenous Variability in Metabolism (which can be due to 

medications such as anticonvulsants)
– Differences in Glucocorticoid Sensitivity such as Receptor 

Polymorphisms (Quax RA et al, Nature Reviews 2013)
– NIH Adrenal Insufficiency Trials Underway

Rheumatoid Arthritis Adrenal Recovery Study (RAAR) (NCT number): NCT03294876, Thomas JG 
Chambers, PhD; Mark Strachan, MD Metabolic Unit, Western General Hospital, NHS Lothian, Crewe Road, UK

Start Date: October 10, 2018; Completion Date: August 1, 2020 

Hydrocortisone Versus Prednisolone for Treatment of Adrenal Insufficiency Disease 
(HYPER-AID Study) ClinicalTrials.gov identifier (NCT number): NCT03608943; Karim Meeran, MBBS BSc 

MD; Imperial College London. Start Date: May 24, 2018; Estimated Completion Date: March 20, 2023

Glucocorticoid Withdrawal and Glucocorticoid-induce Adrenal Insufficiency: a 
Randomized Controlled Multicenter Trial. Taper Or Abrupt Steroid Stop: TOASST trial
ClinicalTrials.gov (NCT number): NCT03153527; Jonas Rutishauser, Prof MD, Univ Hosp, Basel, Switzerland
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Adrenal Insufficiency:  
NIH Trials Underway

Rheumatoid Arthritis Adrenal Recovery Study (RAAR) (NCT number): NCT03294876, Thomas JG 
Chambers, PhD; Mark Strachan, MD Metabolic Unit, Western General Hospital, NHS Lothian, Crewe Road, UK

Start Date: October 10, 2018; Completion Date: August 1, 2020 

Rheumatoid Arthritis Adrenal Recovery Study

• Rheumatoid arthritis (RA) has a prevalence of 1% and 
1-2 patients present each week to the rheumatology 
department in Edinburgh with a new diagnosis of RA 

• Prevalence of inadequate cortisol production following 
treatment with steroids is between 10-30% of patients! 
• Previous studies have been small and do not report sufficient 

information to determine if any potential factors maybe useful 
predictors; for example age, sex, length of treatment, length of 
time off treatment, other medications.


• Duration of Adrenal Insufficiency and whether any patient 
factors might predict which patients are at risk is unclear.
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Preventing Adrenal Crisis: 
Steroid Safety!

Objectives:
1. Describe Adrenal Insufficiency and Adrenal Crisis 
2. Discuss Steroid Tapers: When to Consider ‘Physiologic’ 

Steroid Replacement: Recognizing Adrenal Insufficiency 
and Preventing Adrenal Crisis! 

3. Review Adrenal Testing: What is Normal Adrenal 
Function? 

4. Establish Steroid Safety Protocols For Everyday Steroid 
Use and Stress-Dose Steroid Treatment! 

5. What Do We Know about Covid-19 and Adrenal Disease?

"An Endocrine Perspective"
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Adrenal Insufficiency:  
Who Needs Adrenal Testing?

• ALL Patients treated with either systemic, inhaled, topical, intra-
articular, ocular, and or rectal steroids may in fact need Adrenal 
Function Testing before completely stopping steroids 
altogether! 

• Patients taking as little as 3mg of prednisone per day or higher 
(or 20mg or higher of hydrocortisone) for a period of three weeks 
or more should be considered at risk for adrenal insufficiency and 
potentially adrenal crisis and should be tested when possible. 

• It is STRONGLY recommended that patients continue to wear 
medical alert jewelry while on steroid medication and for up to 
one year after tapering off. 

•  Currently, the Pediatric Endocrine Society recommends that 
adrenal testing be considered in all children who have received 
‘supra-physiological’ doses of steroids (>8-12 mg/m2/day 
hydrocortisone or equivalent) for greater than 2 weeks
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Adrenal Insufficiency:  
Adrenal Testing

Serial Morning Cortisols:
Endogenous levels highest in a.m.
< 3 mcg/dl in a.m.            adrenal 
insufficiency
>18 mcg/dl             normal function 
> 3, <18 mcg/dl             further testing 
necessary with ACTH Stimulation Test
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Adrenal Insufficiency:  
Adrenal Testing

ACTH Stimulation Test, CST or “cort-stim 
test” (1-24, Cosyntropin, 250mcg IM or IV x1)

• Baseline cortisol level and either 30 and 60 min or 
45 min post-ACTH cortisol levels are drawn:

• Peak level >18 mcg/dl is normal with an 
increase of at least 10 mcg/dl

– except in patients receiving oral estrogen (CBG is 
increased) which ‘increases’ cortisol levels

– can be ‘inappropriately Normal’ until adrenals 
atrophy (weeks to months) 

– not useful in acute setting where cortisol levels 
can be at ‘stress’ levels 
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Adrenal Insufficiency:  
Adrenal Testing

• Random blood cortisol rarely useful
– Low levels in the afternoon are normal
– Small likelihood of obtaining a high 

enough level to rule out adequate 
adrenal reserve

Central Adrenal 
Insufficiency: Diagnosis

– Exception: Low levels (<6 mcg/dl) 
during severe stress concerning
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Preventing Adrenal Crisis: 
Steroid Safety!

Objectives:
1. Describe Adrenal Insufficiency and Adrenal Crisis 
2. Discuss Steroid Tapers: When to Consider ‘Physiologic’ 

Steroid Replacement: Recognizing Adrenal Insufficiency 
and Preventing Adrenal Crisis! 

3. Review Adrenal Testing: What is Normal Adrenal Function? 
4. Establish Steroid Safety Protocols For Everyday 

Steroid Use and Stress-Dose Steroid Treatment! 
5. What Do We Know about Covid-19 and Adrenal Disease?

"An Endocrine Perspective"
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• Minimizing Daily Glucocorticoid Doses is 
Important, but it is also very important to 
prepare patients and their family (and all 
providers) for emergency stress-dosing!

–GI illnesses, fever, accidents, procedures, surgeries, 
hospitalizations…

–Prescribe 100 mg hydrocortisone IM for self-
administration for severe GI illnesses…

–Instructions to call MD and go to urgent care
–Medic Alert bracelet to be worn at all times stating 

‘Steroid Dependent’

49Slides compliments of Karen K. Miller, M.D. and adapted by Lynn Kohlmeier, M.D.49

Preventing Adrenal Crisis: 
Steroid Safety!
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• Patients successfully tapered off from steroid or glucocorticoid therapy 
might need supplemental ‘stress-dose’ steroids during illness, trauma and or 
surgery…for up to a year!

• It is recommended therefore that patients continue to wear medic alert 
jewelry for up to one year after tapering off steroids!

• When deciding on a tapering program, patient’s general health, stability of the 
disease being treated, and drug regimen that has been used should be considered. 

• Some patients may require more time adjusting due to coexisting conditions, 
medications, emotional stress and other factors.

• An important complication in clinical practice to be aware of is the 
occurrence of an Adrenal Crisis following the initiation of thyroid 
replacement in a patient with untreated or undiagnosed adrenal 
insufficiency as thyroxine increases corticosteroid metabolism!!

Preventing Adrenal Crisis: 
Steroid Safety!

Iranmanesh, A, Lizarralde, G, Johnson, ML. Dynamics of 24-hour endogenous cortisol secretion and clearance in primary 
hypothyroidism assessed before and after partial thyroid hormone replacement. J Clin Endocrinol Metab 1990; 70: 155–161.
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Adrenal Insufficiency:  
Steroid Safety Protocol

• During normal health and life, when we become ill or suffer injuries our bodies produce increased levels of cortisol to 
help us survive those stresses.  

• Now that you are unable to produce your own cortisol, you need to be aware of when to provide an increased cortisol 
level during stressful times or during ill health. The amount of increase needed, the way the cortisol is given and the 
length of time the increase is needed will vary depending on the situation. 

You should always seek medical advice if you have needed to use your emergency injection or if an increased dose of 
your tablets has not helped to resolve your symptoms.  

When do I know that I would need an emergency injection? If you cannot absorb your tablets, or your usual 
replacement wasn’t sufficient for an acute shock or illness. This may happen gradually or perhaps quite quickly. You would 
feel weak, sickly and light headed.  

The cortisol clock below gives approximate times of need for emergency medical help and replacement. Emergency 
cortisol replacement peak timings for clinical use  

A = period of first feeling unwell (within, or up to, one hour) B = period of increasing illness (failure to retain oral cortisol) 
(during 2nd hour) C = DANGER ZONE - emergency cortisol injection needed (by the 3rd hour)

https://pituitary.org.uk/media/589781/HC-emergency-table-final-signed-off.pdf

HYDROCORTISONE SICK DAY RULES – STEROID COVER

51



52

Adrenal Insufficiency:  
Steroid Safety Protocol

• “A normal response to taking steroid treatment is that the body needs to 
make less of it’s own steroid or cortisol” 

• “Following treatment with steroid medications, the system (known as the 
hypothalamic pituitary adrenal axis (HPA axis) and adrenal glands) can be 
slow to work again or ‘wake up’ to re-establish production of cortisol.” 

• “If someone does not make enough cortisol, they are less able to deal with 
physical stress and are at increased risk of not only feeling sick, but 
becoming ill and or suffering a potentially fatal ‘adrenal crash or crisis’ 
which can involve passing out and dying.” 

• “If someone has been on or are on steroid medication, they will need 
immediate medical attention if they have a severe infection or diarrhea, or 
are vomiting and can’t keep their steroid medication down.” 

• “Without treatment, in an emergency room if necessary, this condition can 
lead to an adrenal crisis and death” 

Patient Steroid Use and Safety 
Information Sheet



53

Adrenal Insufficiency:  
Adrenal Crisis Cards

https://www.endocrinology.org/media/3873/steroid-card.pdf
53
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• Slow steroid taper for adrenal safety as needed 
• DO NOT STOP steroids altogether until adrenal 

function is confirmed is indicated 
• When tapered off steroids, still consider stress-dose 

steroid treatment within following year  
• Minimize steroid complications…

Preventing Adrenal Crisis: 
Steroid Safety: Summary

Prevent Fractures!



Lynn A. Kohlmeier, MD and Gina Woods, MD 
Medical Directors, Bone Health TeleECHO 

Strides For Strong Bones: Spokane - San Diego   
1st Wed of every month 5:30pm-6:30pm PT

"An Endocrine Perspective"

Free CME

Prevent Fractures!
 Our new Bone Health TeleECHO
    1st Wednesday of every month 5:30pm-6:30pm PT

E. Michael Lewiecki, MD 
BoneHealth ECHO since 2015 

Director, New Mexico Clinical Research & Osteoporosis 
Center - Director, Bone Health TeleECHO - University of New 

Mexico Health Sciences Center - Albuquerque, NM 
Every Tues 11:00am-12:30pm PT

ECHO is not TeleMedicine…



56

Preventing Adrenal Crisis: 
Steroid Safety!

Objectives:
1. Describe Adrenal Insufficiency and Adrenal Crisis 
2. Discuss Steroid Tapers: When to Consider ‘Physiologic’ 

Steroid Replacement: Recognizing Adrenal Insufficiency and 
Preventing Adrenal Crisis! 

3. Review Adrenal Testing: What is Normal Adrenal Function? 
4. Establish Steroid Safety Protocols For Everyday Steroid Use 

and Stress-Dose Steroid Treatment! 
5. What Do We Know about Covid-19 and Adrenal Disease?

"An Endocrine Perspective"

What Do We Know about Covid-19 and Adrenal Disease?
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Preventing Adrenal Crisis: 
Steroid Safety!

What Do We Know about Covid-19 and Adrenal Disease?
"An Endocrine Perspective"

• Bilateral adrenal hemorrhage in anti-coagulated ICU patients 
with Covid could be one etiology for adrenal crisis 

• Dexamethasone treatment for Covid and adrenal function 
• Long-Hauler Covid symptoms overlap those of adrenal 

insufficiency but physiologic hydrocortisone replacement has 
not been recommended - should a trial be considered?

Possible Topics for WRA 2022…!?

• No evidence for increased risk of Covid in patients with adrenal 
insufficiency (Vaccination STRONGLY recommended!) 

• Steroid Safety measures similar with Covid in patients with 
adrenal insufficiency and patients advised to be aware! 

• No evidence to date that Covid causes adrenal insufficiency
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Washington Rheumatology Alliance
14th Annual Conference

Steroid Safety: Adrenal Insufficiency  
“An Endocrine Perspective"

 Lynn Kohlmeier, MD

Thank You For Your Attention!

Ther Adv Endocrinol Metab. 2019 
10: 2042018819848218. Published online 2019 Jun 13. doi: 10.1177/2042018819848218

Adrenal crisis: prevention and management in adult patients

September 17-19, 2021
Sleeping Lady Mountain Resort

Leavenworth, WA

https://dx.doi.org/10.1177/2042018819848218
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• This study is an Investigator-initiated, placebo-controlled, multicenter non-inferiority 
trial, comparing rapid termination of systemic glucocorticoid treatment with a 
tapering regime over 4 weeks.


• Patients (n=573 ) will be randomly assigned in a 1:1 ratio to either prednisone in 
decreasing doses over 4 weeks or placebo.


• Patients, treating physicians, and study personnel will be blinded to treatment 
allocation to either prednisone or matching placebo. At inclusion, we will perform a 
250 micrograms Synacthen® Cor-stimulation ACTH test. The results of the test will 
be blinded to treating physicians and investigators, and its value to predict clinical 
outcome will only be assessed after completion of the trial. 


• As a safety measure, all patients will be instructed about stress coverage as well as 
signs and symptoms of hypocortisolism or adrenal insufficiency and will be 
provided with emergency medication. 


• Patients will be randomized to the standard (tapering) or the experimental (matching 
placebo) arm. Follow-up will be for 6 months. In order to improve adherence to the 
study and ensure feasibility, follow-up visits in most study centers will be by 
telephone and will be performed early after stopping glucocorticoids in both arms 
(i.e. at days 7 and 35) to ensure safety; the other two visits will be on days 90 and 
180.
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ClinicalTrials.gov identifier (NCT number): NCT03153527; Jonas Rutishauser, Prof MD, University Hospital, Basel, 
Switzerland

Glucocorticoid Withdrawal and Glucocorticoid-
induce Adrenal Insufficiency: a Randomized 
Controlled Multicenter Trial. Taper Or Abrupt 
Steroid Stop: TOASSTtrial (TOASST)
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It is not clear how common failure of recovery of the adrenal axis is, 
how long it can last for or, if any factors might predict which patients 
are most at risk. 
• This study aims to improve our understanding of hypothalamus-pituitary-

adrenal (HPA) axis recovery in patients with rheumatoid arthritis treated 
with prednisolone and will also test potential predictive biomarkers of 
recovery.


• The study will be conducted in hospital and a clinical research facility. 
Participants will undergo 2 visits for blood tests and also be asked to 
supply 3 samples of saliva on 6 days over the 3 weeks of the study.


• A better understanding of the physiology of HPA axis recovery 
should inform the development of tools which would allow prediction 
of patients at risk following withdrawal of steroid treatment. 


• Such tools would be useful to improve patient safety!

ClinicalTrials.gov identifier (NCT number): NCT03294876, Thomas JG Chambers, PhD; Mark Strachan, MD 
Metabolic Unit, Western General Hospital, NHS Lothian, Crewe Road, UK
Actual Study Start Date: October 10, 2018

Completion Date: August 1, 2020 

Rheumatoid Arthritis Adrenal 
Recovery Study (RAAR)
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Detailed Description: (cont) n=50 

The prevalence of inadequate cortisol production following treatment with steroids is 
between 10-30% of patients; its duration and whether any patient factors might 
predict which patients are at risk is unclear. Generally studies have been small in size 
and do not report sufficient information to determine if any potential factors maybe 
useful predictors; for example age, sex, length of treatment, length of time off 
treatment, other medications. 

• Rheumatoid arthritis (RA) has a prevalence of 1%. 1-2 patients present each week to the 
rheumatology department in Edinburgh with a new diagnosis of RA. 


• Patients are usually treated with a 13 week course of prednisolone in a reducing dose 
(known as COBRA-light) at diagnosis. At the end of the initial steroid treatment, the 
adrenal axis is not routinely assessed in these patients.


• It is assumed that the slow reducing dosage of steroids reduces the risk of ongoing 
adrenal insufficiency. It should be noted that the meta-analysis of Joseph et al. 
demonstrated weaning had little impact upon the recovery of the HPA axis. 


• These patients are thus potentially at risk of the morbidity and mortality associated with 
an underactive HPA axis such as adrenal crisis and death.
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ClinicalTrials.gov identifier (NCT number): NCT03294876, Thomas JG Chambers, PhD; Mark Strachan, MD 
Metabolic Unit, Western General Hospital, NHS Lothian, Crewe Road, UK

Rheumatoid Arthritis Adrenal 
Recovery Study (RAAR)

Actual Study Start Date: October 10, 2018

Completion Date: August 1, 2020 
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Adrenal Insufficiency:  
Steroid Safety Protocol
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Joe Nisco Lynn Kohlmeier, MD 509-998-1045

STEROID SAFETY Information Sheet:
For patients with Adrenal Insufficiency, Addison's Disease, or Hypopituitary Adrenal Dysfunction
WEAR YOUR 'STEROID DEPENDENT' MEDICAL ALERT AT ALL TIMES

Maintenance Hydrocortisone dose: 10 to 15mg early am (6 to 8am) and 5 to 10mg noon to 4pm 
with optional 2.5mg at 6 to 8pm

1. With any minor illness, such as a 'cold', viral infection, upper respiratory illness, bronchitis or 
bladder infection, an increase in hydrocortisone of twice your baseline dose is important for the 
period of time of illness only. For  example increase Hydrocortisone to 20 mg two times a day 
for the 2 to 3 days of an upper respiratory illness.

2. With more serious illness, such as the 'flu' with nausea, headache, muscle aches and fatigue 
for several days, though IMPORTANTLY NO dehydration or significant diarrhea or vomiting, 
please INCREASE Hydrocortisone to 3 times your baseline dose, such as 20 mg three times a 
day, and stay well hydrated as well as take medication for nausea, vomiting and or diarrhea if 
needed, either over-the-counter or prescribed by your primary care provider.

3. If you are dehydrated or have significant diarrhea or vomiting, call 911 or go to the 
Emergency Room (ER) or Urgent Care IMMEDIATELY. It is important for you to receive 
INTRAVENOUS (IV) FLUIDS and IV Hydrocortisone 50 mg three times a day until you are 
stable and able to drink and eat normally.

4. Lastly, if you are concerned you MAY BE DEHYDRATED, but cannot go to an urgent care or 
ER within 1 or 2 hours, give yourself an injection intra-muscularly (IM) of Solu-Cortef on 50 mg 
and if stable and able to rehydrate, take another 50mg injection in 4-6 hours. It is important to 
go to the ER or Urgent Care following treatment if symptoms not resolved.
 
Testing Adrenal Function
A. Fasting cortisol level. Morning blood test for cortisol level ideally at 730 to 8am, yet 
definitively before 10am.  It is crucial to hold the afternoon dose of HC the day prior to the test 
and hold your morning dose of HC the same day as testing and have someone drive you to the 
lab. Take your morning dose 10mg of HC after your blood draw and stay on same dose 10/5 of 
HC until you are called with results. (AM Cortisol level > 14 may suggest normal adrenal 
function)
 
B. ACTH (Cortrosyn) stimulation test. 'Pre-cortisol' level blood test anytime of day with 250mcg 
IM cortrosyn injection after first blood draw. 'Post-cortisol' level blood test exactly 45 minutes 
after cortrosyn injection. It is crucial to HOLD the afternoon dose of HC the day prior to the test 
and HOLD your morning dose of HC the same day as testing and have someone drive you to 
the lab. 
 
Take you morning dose 10mg of HC after ALL your blood draws and stay on same dose 10/5 of 
HC until you are called with results. (An Increase of at least 10 points from your Pre-cortisol to 
Post-cortisol level AND a Post-cortisol level of 18 or higher, likely suggests normal adrenal)

Saturday, March 31, 2018
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Treatment for Adrenal 
Insufficiency & Addison's Disease

• Your Steroid or Cortisol is replaced with a corticosteroid, most often 
hydrocortisone, two or three times a day by mouth. Less often, 
prednisone or dexamethasone 

• Fludrocortisone is required for Addison’s or Primary AI yet not usually for 
secondary or tertiary adrenal insufficiency. 

Instructions During an Illness 
‘Talk with your provider or endocrinologist about how to adjust your 
dose of corticosteroids during an illness.’ 
• You will need to increase your dose if you have a high fever.  
• Once you recover, you will adjust your dose back to your regular, pre-

illness level without the need for a taper. 
• Treatment for Adrenal Crisis includes immediate IV injections of 

corticosteroids and large amounts of IV saline, a salt solution, with 
dextrose added.
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Endocrinology            
 and

Routine Instructions for Patients with Adrenal Insufficiency (AI)
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https://medlineplus.gov/druginfo/meds/a682206.html
https://medlineplus.gov/druginfo/meds/a601102.html
https://medlineplus.gov/druginfo/meds/a682792.html


Treatment for Adrenal 
Insufficiency & Addison's Disease

• “If you have a severe injury or other serious condition, you need a higher, 
“stress” dose of corticosteroids right after the injury and while you recover. The 
same is true if you have a serious health condition such as suddenly passing 
out or being in a coma. Often, you must get these stress doses intravenously. 
Once you recover, your doctor will adjust your dose back to regular, pre-injury 
level.” 

• “If you become pregnant, you’ll take the same dose of medicine as you did 
before pregnancy. However, if nausea and vomiting in early pregnancy 
make it hard to take medicine by mouth, your doctor may need to give you 
corticosteroid shots. During delivery, treatment is similar to that of people 
needing surgery. Following delivery, your doctor will slowly decrease your 
dose, and you’ll be back to your regular dose about 10 days after your baby is 
born.”
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Instructions for Patients with Adrenal Insufficiency (AI)
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Adrenal Insufficiency:  
Treatment for Adrenal Crisis

• Immediately give 100mg hydrocortisone i.v. or i.m. followed by rapid 
rehydration with 0.9% saline solution (or equivalent)

• Maintain hydrocortisone at a dose of 200mg hydrocortisone per 24 hours (by 
continuous i.v., or alternatively i.v. or i.m. 50mg hydrocortisone q6 hours) 
until clinical recovery.

• Preparation for invasive diagnostic procedures such as colonoscopy and 
surgery requiring general anesthesia are further risk factors for adrenal 
crises.

• Pregnant woman in Adrenal Crisis require high doses of hydrocortisone as 
well. Hydrocortisone is inactivated in the placenta and does not affect the 
pregnancy. Failure to treat a pregnant woman with adrenal insufficiency can 
result in death of mother and/or the baby.

• Children can be given i.v. or i.m. hydrocortisone: Infants up to 1 year, 25mg; 
children 1 to 5 years, 50mg; children 6 to 12 years, 100mg and doses should 
be repeated three or four times in 24 hours depending upon the condition 
being treated and the patient's response
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Adrenal Insufficiency:  
Treatment for Adrenal Crisis
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Adrenal Insufficiency:  
Treatment for Adrenal Crisis
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